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Changing the conversation around data sharing 

NIH Data Commons 

 How do we find data, software, standards? 

 How can we make data, annotations, software, metadata accessible? 

 How do we reuse data standards 

 How do we make more data machine readable? 
Data commons co-locate data, storage and computing infrastructure, and 

commonly used tools for analyzing and sharing data to create an 
interoperable resource for the research community. 

*Robert L. Grossman, Allison Heath, Mark Murphy, Maria Patterson, A Case for Data Commons Towards Data Science as a 
Service, to appear. Source of image: Interior of one of Google’s Data Center, www.google.com/about/datacenters/. 
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FAIR – 
Making data 

Findable, 
Accessible, 
Attributable, 

Interoperable, 
Reusable, 

and provide Recognition 
Force11 white paper 
https://www.force11.org/group/fairgroup/fairprinciples 
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http://www.cancer.gov/grants-training/grants-
management/nci-policies/genomic-data 

Requires public sharing of genomic data sets 

NIH Genomic Data Sharing Policy 

https://gds.nih.gov/
Went into effect January 25, 2015 

NCI guidance:
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Genomic Data Commons 

The Cancer Genomic Data Commons 
(GDC) is an existing effort to 
standardize and simplify submission of 
genomic data to NCI and follow the 
principles of FAIR – Findable, 
Accessible, Interoperable, Reusable. 

The GDC is part of the NIH Big Data to 
Knowledge (BD2K) initiative and an 
example of the NIH Commons 

Microattribution, nanopublications, tracking the 
use of data, annotation of data, use of 

algorithms, supports the data /software 
/metadata life cycle to provide credit and 

analyze impact of data, software, analytics, 
algorithm, curation and knowledge sharing 
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Genomic Data Commons 

• Unified knowledge base that promotes sharing of genomic and clinical 
data between researchers and facilitates precision medicine in 
oncology 

• Contains standardized data from approximately 14,500 patients, 
derived from NCI programs, including: 
- The Cancer Genome Atlas (TCGA) 

- Therapeutically Applicable Research to Generate Effective Treatment 
(TARGET) 

- Cancer Genome Characterization Initiative (CGCI) 

- The Cancer Line Encyclopedia (CCLE)  
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Genomic Data Commons 

went live at ASCO June 6, 2016 
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<!t)JcNc\u Uork <!times 
Biden Unveiling Public Database for 
Clinical Data on Cancer 

FOX NEWS Health 
Biden unveiling public database for 
clinical data on cancer 

Health Data 
Management 

NCI launches open access 
resource to spur cancer research 

HOUSTON-CHRONICLE 
Biden unveils searchable government cancer 
database 

SC I ENT I Pl( " REUTERS 
A.\I P.HI AN 

Biden Unveils Major 
Database to Advance 

Cancer Research 

THE H UH INGTON POST 
"-'~••u • -.<:,''"• U,H<>>A .. • (1.U,._,...fr> 

Biden Announces Crucial Piece Of His Cancer 
Moonshot Initiative 

tbc tllasbington :Jlost 
Biden unveils launch of 
major, open-access 
database to advance 
cancer research 

FORTUNE 
Joe Biden Just Announced a 
Huge New National Cancer Bid en announces U.S. project to promote cancer data 
Database sharing backCancerMoonshot 

CHICAGO SUN ~; TIMES 
VP Joe Biden in Chicago to promote 
Moonshot Initiative vs. cancer 

1:HE.CIIHC.Ol LE.'ttER. 
Biden Designates NCI's Genomic Data Commons 

As Foundation of Cancer Moonshot 

Dailyfflail 
New US data system to centralize canc';r 
information 

½, 
genome web 

NCI Launches Genomic Data Commons for Cancer Data 
Sharing 

H.:..alt:hrt\t-An.'.1 Iytics 

NIH Launches Data Commons CancerGenomic Supporting 
Moonshot 

fedscoop 
· · REUTERS 

Bidenlaunchesdata portal to 

http:CIIHC.Ol
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Genomic Data Commons (GDC) 

was highlighted in the June 29th Cancer Moonshot 
Summit at Howard University in the US 

Foundation Medicine announced the release of 18,000 
genomic profiles to the GDC at the Cancer Moonshot 
Summit 
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NCI Genomic Data Commons 

 The GDC went live with approximately 4.1 PB of data. 
 This includes: 2.6 PB of legacy data; 
 and 1.5 PB of “harmonized” data. 
 577,878 files about 14194 cases (patients), in 42 cancer types, 

across 29 primary sites. 
 10 major data types, ranging from Raw Sequencing Data, Raw 

Microarray Data, to Copy Number Variation, Simple Nucleotide 
Variation and Gene Expression. 

 Data are derived from 17 different experimental strategies, with the 
major ones being RNA-Seq, WXS, WGS, miRNA-Seq, Genotyping 
Array and Expression Array. 
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IMIII'/ CDC Data Portal 

Infrastructure 

Projects :• Data Annotatioos 

PROJECTS 

Data is continuously being processed and harmonized by the GDC. 

System stats: 

Storage Infrastructure 1.73 PB used 7 .42 PB available 

Compute Infrastructure 13,120Cores 81,920 GB RAM 

Internet Fac ing Bandwidth 1.2 Gbps in 18.2 Mbps out 

Unique Visitors 20daily 1500Total 

Downloads to Date 355,024 1'.S4TB 

Q QuickSearch Login ~ Cartl:J :::GocApps 

Cases by Primary Site 

II 1111 ... ••• ... ··---
PRIMARY StTES 

II 
I 

Data Portal Summary 
Latest Release #0 - May 2, 2016 

il!l/l 

CASES 

& 29 .. 14,194 

Documentation 
Learn how to use the GOC Data Portal to its full potential with common topics such as: 

Browse Data using Facet Search 

Search Data with Advanced Search Technology 

Project Based Data Availability 

Controlled Access Data 

Visit the Documentation Webs ite > 

I/JJJ.f/lil/J"fjl// c//i 
f J · / I 1/ ' 

FILES 

[J 594,527 

GDC Applicati ons 
The GDC Data Portal is a robust data-driven platform that allows cancer ,esearchers and 

biolnformaticlans to search and download cancer data for analysis. The GOC 
applications include: 

6 - ~ ti 
DataPor1al DataTransfor Tool APi Datil Submissioo Portal 

r, Q ~ 
Documentation 'Nnbsite LegacyArchivll 

Genomic Data Commons Data Portal 
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Genomic Data Commons 

CCG Web Sito Contact Us 

Search lhls website 

About GOG Access Data Submit Data For Developers Support Reports News 

The Next Generation Cancer Knowledge Network 

Case Distribution by Disease 
Type 

Data Availability Summary 

Programs 2 

"" 

Welcome to NCl's Genomic Data 
Commons 

NCl 's Genomic Data Commons (GDC) 
provides the cancer research community with 
a unified data repository that enables data 

sharing across cancer genomic studies in 
support of precision medicine. GDC supports 

several cancer genome programs at the NCI 

Center for Cancer Genomics (CCG), including 

The Cancer Genome Atlas (TCGA), 
Therapeutically Applicable Research to 

Generate Effective Treatments (TARGEl), and 
the Cancer Genome Chamcterization 

Initiative (CGCQ. 

More about G DC 

High Quality Data Sharing 
Enables Precision Medicine 

GDC ob tains validated datasets from NCI 

Access Data 

The GDC Data Porta l 

provides a platform fo r efficiently querying 

and downloading high quality and 

complete data. GDC also provides a GDC 

Data Tran sfe r Tool as an API for 

programmatic access. 

More about Accessing Data 

Submit Data 
i 'I 

GDC provides tools to 

guide data submission Including web 

based tools for submitting clinical, 

blospeclmen and small volumes or 

molecular data as well as client tools for 

subm itting lruge, high volume molecular 

da1a. A secure AP I Is also avallable for 

batch data submissions. 

More about Submitting Data 

» 

The NCI Genomic Data Commons User Interface 
Home Page 
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lillll'/ CDC Data Portal 

v Case 

v Primary Site ...., 
v cancer Program 

O TCGA 

.., Project 

O TCGA-GIIM 

0 Tr.GA4.GG 

v o,sease Type 

O Gllobluloma MuftJforrN 

081'81'1 Lower Gnlld&GIIOml 

> Gender 

v Age at a,agnosls 
• Years Days 

> Vital Status 

.... Days to death 

> .Race 

Ae,,orts 'H°'P 

5',nnwy C...(537) _e28,870) 

.... 
28,879 

File Counts by Project 

2-
Gol Fite Counts by Data Type 

eocnaT)'PN 

ti'-&+ ·I 

[j 537 62.86 TB 

a Fde Counts b'J Access Level llll 

1 Pnl'Nlt')' sue 2-~ 

.. FIie Couna b)' Onta Format .. Nie Counts b'/ Experimental St. .. .. 
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The NCI Genomic Data Commons User Interface 
Sample Browser 



Available Data per Project (44) 

"""' .....,..__, 
""'-"' """" ""' ----------- ------- - - - ---- - - - ----

-
TCGA-COAD 

Summary 

..._,o 

Primary Sile 

Case and File C.OUnts b')I Experlme,ua1 Strategy 

• -~ng ,.,,.., 

Gena ExprHslon Arnq 

• Methyfatlon Arny 

MSI• Mono-Dlnucleotldo Asay 

a WGS 

wxs 
a RNA--5eq 

mlRNA-Seq 

a Bialtflt...seq 

Totol RNA~St,q 

- 9,973 

522 

2,224 

1,868 

347 

1,721 

4 ,992 

3,070 

,, 
, .. 

c-. 

-­....... -------,,. ------.... , __ 

0 

460 

,o:i ... 
457 

112 

4'9 

459 

445 

1J 

"""" ,. 
461 

.... [j 26,896 

....,,.,.,.., et· 1,451 

Case and File Coon.ts by Oata Type 0 

... " en.. 
a Clln~I .,. 461 

Raw Mkroarray Data 3,784 460 

• Raw Sequencfnu Data 4,!i91 460 

Simple NuolooUdo v«iaitlon 1,037 460 

• Copy NumborVw hrtion 7,968 460 

GeneEXpres.sJon 5 ,605 460 

• Protein Exprwulon 382 360 

DNAMethyl 11Uon 5S2 ... 
·""'"' 1,686 457 

The NCI Genomic Data Commons User Interface 
Sample Selection 
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MMV/ CDC Data Submission Portal 0. TCGA-DEV3 Search ~ I VFERRETII • I 

Home » TCGA DEV3 • Dashboard !I Dashboard Q. Browse II Dictionaries 

~ 
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!DETAILS! 

1. Upload & Validate 2. Submit 3. Release 

1. UPLOAD AND VALIDATE DATA 

To submit data to GDC, you first need to upload and 

validate your clinical, biospecimen and experimental 

data to the project workspace. For additional 

instructions, please see the GDC Data Submission 

Portal User's Guide J1 

A. Data must be compliant with the project 

'--...._/ 

I DETAILS I I DETAILS I 

BROWSE OR DOWNLOAD DATA 

Use the following links to browse or 

download data stored in the project 

workspace. Data will be exported in 

TSV format. These file can be used 

to: 

• Review data before 

.,., TRANSACTIONS 

ID Type 

129 Release 

N i28_ Submission 

.,., ill Submission 

N 12.6_ Submission 

!DETAILS! 

Date Created 

Dec 14, 2015 

Dec 14, 2015 

Dec 14, 2015 

Dec 14, 2015 

The NCI Genomic Data Commons User Interface 
Data Submission Dashboard 

Clinical data Biospecimen Molecular data Files 
data uploaded 
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Molecular 
C aracterizati n 

Informed 
Mechanistic Studies 

Target 
I entlflcatlo n 

/ 
Marker __ !Y'olecular, 

I entlflcatlo n M chanlsms 

Biomedical Research 

Electronic 
ealth Record 

r 
Observational Studies 
During Normal Course 

of Clinical Care 

reatment 

/ 
lagnosl --

Health 
tcomes 

Clinical Medicine 

Development of the NCI Genomic Data Commons (GDC) 
To Foster the Molecular Diagnosis and Treatment of Cancer 

GDC 

Bob Grossman PI 
Univ. of Chicago 

Ontario Inst. Cancer Res. 
Leidos 

Institute of Medicine 
Towards Precision Medicine 

2011 
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GDC Infrastructure and Functionality 
GDC Users GDC System Components 

Open 
Access 
Users 

Controlled 
Access 
Users 

Data 
Submitters 

Open Access 
Data 

eRA 
Commons 
& dbGaP 

Controlled 
Access Data 

Data 
Submission 

Metadata+Data 
Storage 

Reporting 
System 

Harmonization 

Data Security 
System 

APIsDigital ID 
System 



GDC Data Harmonization 
Multiple data types and levels of processing 

Exome-seq 

Whole genome-seq 

RNA-seq 

Copy number 

Genome 
alignment 

Genome 
alignment 

Genome 
alignment 

Data 
segmentation 

1° processing 

Mutations 

Mutations + 
structural variants 

Digital gene 
expression 

Copy number 
calls 

2° processing 
Oncogene vs. 

Tumor suppressor 

Translocations 

Relative RNA levels 
Alternative splicing 

Gene amplification/ 
deletion 

3° processing 



GDC Data Harmonization 
Open Source, Dockerized Pipelines 

Mutect2 
pipeline 



 

 

TCGA - BT-AOYX 

S o ma ticS niper VarS c.a.n.2 

Cura ted 

27 

A0F0

76.5%
84.3%
87.3%
91.2%

GDC Data Harmonization 
Multiple pipelines needed to recover all variants 

GDC variant calling 
pipelines 
Wash U 
Baylor

rate 
(% true Broad 
positives) 

SomaticSniper 81.1% 
VarScan 93.9% 
MuSE 93.1% 

All Three 96.4% 

Recovery 



GDC Content 
Current 
 TCGA 11,353 cases 
 TARGET 3,178 cases 

Coming soon 
 Foundation Medicine 18,000 cases 
 Cancer studies in dbGAP ~4,000 cases 

~56,000 casesPlanned (1-3 years) 
 NCI-MATCH ~3,000 cases 
 Clinical Trial Sequencing Program ~3,000 cases 
 Cancer Driver Discovery Program ~5,000 cases 
 Human Cancer Model Initiative ~1,000 cases 
 APOLLO – VA-DoD ~8,000 cases 

GDC 



What Makes GDC Special? 
 Stores raw genomic data, allowing continuous reanalysis as 

computation methods and genome annotations improve 
 Utilizes shared bioinformatic pipelines to facilitate cross-study 

comparisons and integrated analysis of multiple data types 
 Maintains harmonized clinical data in a highly structured and 

extensible schema 
 NCI commitment to maintain long-term storage of cancer 

genomic data in the GDC with free access to researchers 
 Enables researchers to comply with the NIH Genomic Data 

Sharing policy as well as journal requirements for data sharing 
 The explanatory power of data in the GDC will grow over time as 

it accrues more cases => GDC will promote precision 
oncology GDC 



Global Alliance 
for Genomics & Health 

ASCOQ 
CANCER•LINQ~ 

Learning Intelligence Network for Ouality 

Other Cancer Data Sharing Efforts 
Signature Efforts 

BRCA Challenge 
Somatic variant sharing 

Precision medicine questions 
Somatic variant sharing 

Clinical trial 
Public-private partnerships 

Clinical trial access 
Clinical/genomic data 

aggregation 

Clinical oncology standards 

Data 

Isolated genetic variants 
No raw sequencing data 

Panel gene resequencing 
Clinical response 

Comprehensive genomics 
Detailed clinical 

phenotype data 

EHR data 
Clinical sequencing 

EHR data 
Clinical sequencing 



Towards a Cancer Knowledge System 
 Continue genomic investigations of cancer 

=> Need > 100,000 cases analyzed 
=> Embrace all genomic platforms 
=> Relationship of relapse and primary biopsies 

Incorporate associated clinical annotations 
=> Clinical trial data 
=> Observational, longitudinal standard-of-care data 
=> N-of-1 clinical data 

Promote and curate biological investigations of 
cancer genetic variants 
=> Driver vs. passenger mutations 
=> Multiple phenotypic assays 
=> Alterations in regulatory pathways – proteomics 
=> Mechanisms of therapeutic resistance 
=> Functional genomic investigations 

 Integrative models for high-dimensional data 

GDC 







GDC 

Utility of a Cancer Knowledge System 

Identify 
low-frequency 

Define genomic 
determinants of response 

Compose clinical trial 
cohorts sharing 

Cancer 
information 

donor 

cancer drivers to therapy targeted genetic lesions 
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Center for Biomedical Informatics 
& Information Technology 

@ 

D111:11Gtme1111tion 

QA/QC 
Validation 

-0 

Aggregation 

0 
Authoritative NCI 

High Performance n 
.....,_ ~ -· 

sear,h/Retrleve 

< Download 

NC Cienomic; Data Common:, 

Support the Precision Medicine Initiative
The Genomic Data Commons and Cloud Pilots 

• Expand data model to include 
other data (e.g. imaging and 
proteomics) 

• Allow easy publication of 
persistent links to data, 
annotations, algorithms, tools, 
workflows 

• Measure usage and impact 

• Change incentives for public 
contributions 
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PMI – Oncology, the GDC and the Cloud Pilots Goals 

 Support precision medicine-focused clinical research 
 Enable researchers to deposit well-annotated 

(Interoperable) genomic data sets with the GDC 
 Provide a single source (and single dbGaP access 

request!) to Find and Access these data 
 Enable effective analysis and meta-analysis of these data 

without requiring local downloads – data Reuse 
 Understand Contributions, Assess value through usage, 

and give Attribution to all users 
27 
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PMI – Oncology, the GDC and the Cloud Pilots Goals 

 Provide a data integration platform to allow multiple data 
types, multi-scalar data, temporal data from cancer models 
and patients through open APIs 
 Work with the Global Alliance for Genomics and Health 

(GA4GH) to define the next generation of secure, 
flexible, meaningful, interoperable, lightweight 
interfaces – open APIs 
 Engage the cancer research community in evaluating 

the open APIs for ease of use and effectiveness 
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Cancer data ecosystem 

Well characterized 
research data sets Cancer cohorts Patient data 

EHR, lab data, imaging, 
PROs, smart devices, 
decision support 

Learning from every
cancer patient 

Active research 
participation 

Research information 
donor 

Clinical Research 
Observational studies 

Proteogenomics 
Imaging data 
Clinical trials 

Discovery Patient engaged
Research 

Surveillance 
Big Data

Implementation research 

SEER 
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Questions? 

Louis Staudt, M.D., Ph.D. 

lstaudt@mail.nih.gov 

Warren Kibbe, Ph.D. 

Warren.kibbe@nih.gov 

@wakibbe 
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